INTRODUCTION
Glucose-6-Phosphate Dehydrogenase (G6PD) Deficiency is the most common enzymatic disorder of genetic basis affecting the red blood cells (RBCs) of nearly 400 million individuals worldwide [1, 2] . It has a high prevalence in people of African, Asian, and Mediterranean descent. Therefore, the severity of G6PD deficiency can vary significantly among ethnic groups [2] . The World Health Organization (WHO) has classified G6PD deficiency into variants (class-I to class-V) based on the level of enzyme deficiency and the severity of hemolytic episode and its clinical manifestations. Class-I deficiency represents the most severe form of G6PD deficiency. G6PD deficiency in the region of the Mediterranean basin is usually a class-II deficiency, while class-III deficiency is due to defect in the gene G6PD A -. Class IV and Class V are of no clinical significance [3] .
The G6PD enzyme is part of the pentose monophosphate shunt. It catalyses the oxidation of glucose-6-phosphate and the reduction of nicotinamide adenine dinucleotide phosphate (NADP+) to nicotinamide adenine dinucleotide phosphate (NADPH). NADPH maintains glutathione in its reduced form, which acts as a scavenger for oxidative metabolites [4] . G6PD deficiency is inherited as an X-linked recessive disorder similar to that of haemophilia and colourblindness [2, 4] . The condition is generally asymptomatic, but the atmospheric exposure or ingestion of fava beans and certain chemicals including drugs, as well as bacterial or viral infectious agents can trigger an acute episode of hemolytic anaemia [4] . Infections are the most common triggers of RBC hemolysis via a reactive inflammatory response leading to the generation of free radicals in macrophages, which can diffuse into the RBCs causing oxidative damage [4, 5] . Fortunately, symptoms of G6PD deficiency, including cardio-respiratory distress and pallor, typically disappear once the trigger is recognised or removed in parallel with management with blood transfusion and hemodynamic support for the patient [2, 3, 5] . G6PD deficiency appears to be a risk factor for the development of diabetes mellitus [1, 5] .
This study aims to explore the epidemiology of G6PD deficiency in the Arabic ethnicity from the Hashemite Kingdom of Jordan. The demographic parameters of patients will be examined in addition to data on blood grouping, blood film, liver function tests (LFT), family history of G6PD deficiency and neonatal Jaundince, and neural manifestations of interest specifically lethargy, and poor feeding.
MATERIALS AND METHODS
This study is purely observational and cross-sectional in design. It was conducted from 22 nd of March 2015
to the 24 th of January 2016. The cross-sectional analytics targeted cases of G6PD deficiency admitted and diagnosed for the 1 st time at Jordan University Hospital in Amman-Jordan. All cases admitted to the hospital within the specified timeframe were included in this study (no exclusion). The study has been conducted via a joint collaboration between the University of Jordan and the University of Baghdad. The project code is G6PD-1 and it has the Ethical approval no. 620-73, issued on the 15th of May 2015. The approval is under the authority of the dean office at the College of medicine at the University of Baghdad. All individuals were of the Arab ethnicity from the Middle East who are permanent residents of Jordan. Data collection was based on a personal interview (5-10 minutes) conducted by a professional specialist pharmacist and a physician who have been well-trained to avoid biases including selection and interpretation errors.
The interviews took place either in the emergency room (ER), paediatrics outpatient clinic, or the paediatrics department. The collected data included parameters representing the date of incident (1 st incident of hemolytic anaemia due to G6PD deficiency), time-to-hospital admission (TTH), age, family history of G6PD deficiency, and past medical history of neonatal jaundice. Clinical signs and symptoms were also explored including body temperature in degree Celsius (rectally-measured or corrected), vomiting, and other manifestations including poor feeding, lethargy, itching, anorexia, jaundice, abdominal pain, and dark discolouration of urine and jaundice. The triggering agents for hemolytic anaemia were screened and were attributed either due to medicinal chemicals (drug-induced) or due to fava beans which can be either fresh (f), dry (d), or cooked (c). The diagnosis of G6PD deficiency was established based on diagnostic features from patients and family history, clinical examination, blood film, and diagnostic biochemical markers.
Biochemical workup was carried out at the laboratories of the Hospital using standardised kits. Biochemical tests included blood grouping (ABO and Rh), haemoglobin level (Hb), total leukocytes count (WBC count), and liver enzymes (S. ALP, S. ALT). These enzymes were assessed via enzyme-linked immunosorbent assay (ELISA). The units of measurement were in years (age), hours (TTH), degree Celsius (temperature), gm/dl (Hb), U/L (S. ALP), and IU/L (S. ALT). Normative values were standardised for patient's age and based on manufacturer instructions already provided with the utilised kit technology. All parameters were tabulated into a database which was subsequently analysed via the appropriate statistical methods and tests.
The parametric tabulations were later exploited for stratification, blocking, and sub-grouping for detailed statistical analyses and hypotheses testing. The level-of-evidence for this study is estimated to be of level-3 in compliance with the categorisation scheme of level-of-evidence imposed by the Oxford Center for
Evidence-Based Medicine [6, 7] . A systematic review of the literature was carried out on medical and paramedical databases of literature including NCBI-PubMed/Medline, the Cochrane Library, Embase, EBSCO, Google Scholar, ResearchGate, Academia, and Sci-Hub. The grey literature databases were also consulted. The reviewed literature of interest was subsequently scrutinised for credibility and reliability via the implementation of the appropriate tools of critical appraisal [8, 9] .
RESULTS
The total number of patients included in the cross-sectional analytics was sixty-four (n=64), all were from the Arab ethnicities inhabiting the capital city of Amman in the Hashemite Kingdom of Jordan. Male patients accounted for 62.5%. Approximately, eighty percent of patients were of an age ranging in between six months to five and half years (5.5 years). The youngest patient was six months old while the oldest was eleven years old. (Figure 1 ). The majority of patients (76.56%) were admitted to the hospital within 24
hours from onsets of symptomatic manifestations of the acute hemolytic anaemia, while the rest (21.88%)
were admitted within 48 hours, and only one patient (1.56%) was admitted within 12 hours. Most of the patients were interviewed first at the ER (53.13%), department of paediatrics (42.19%), or at the paediatrics outpatient clinic (4.69%). Individuals who were Rh-positive represented 57.81% of all patients. Concerning ABO blood grouping, patients were allocated to all four blood groups including group-A (6.25%), group B (12.5%), group O (6.25%), and group AB (75%). There were no significant differences in between male and female patients regarding age, temperature, Hb level, WBC count, and liver enzymes (Table 1 Although AB blood group is not frequently encountered in the population, it appeared to be clustered (75%).
Accordingly, it was hypothesised that ABO and Rh blood group could be a significant factor interacting with other tabulated parameters including severity of manifestations, Hb level, and liver enzymes ( (Figure 4 ).
To summarise, G6PD deficient patients from Jordan were hospitalised during specific months of the year, and most of them were admitted to the ER within the 24 hours from the onset of the acute hemolytic episode.
Those episodes were the first presentation underlying a G6PD deficiency status which was confirmed via history, clinical examination, and laboratory investigations. Most of the patients were sensitive to cooked beans and fresh beans as well as a smaller fraction of patients whom hemolytic episodes were triggered by some medicinal chemicals. Almost three-quarters of patients were of AB blood group which was found to have a protective effect on liver enzymes. The prognosis seems to be worse for those with delayed hospitalisation.
DISCUSSION
Future studies should attempt to collect data from more than one centre (multi-centre) and more than one country from the Basin of the Mediterranean sea, the Arabian Gulf region, and the Middle East. Other ethnicities, in addition to Arabs, should also be included via proper stratification of the studied sample.
Specific enzyme assays, including G6PD enzyme assay, should be implemented. Subsequent studies should attempt to unravel the mystery of link, conveyed via statistical analysis of our study, between blood grouping and liver enzymes. Experimental and quasi-experimental study designs, including therapeutics and gene therapeutics in parallel with observational analyses, will actively promote the level-of-evidence of future research [10, 11] . The incorporation of concepts of machine learning and real-time analytics will provide an enormous impact of the level-of-evidence of studies as well as offer a preemptive warning system for mass casualties due to hemolytic anaemias clustered in a specific region of the world [12, 15] .
The benefits for public health and the economy will be colossal by sparing workforce, and other resources including financial ones.
G6PD deficiency is not only the most common red blood cell enzymopathy but also represents the most common of all clinically significant enzyme defects of human biology as a whole [16] . G6PD deficiency constitutes a significant public health problem in the Middle East [17, 18] . The highest incidence of G6PD deficiency has been described in Sardinia [19] . G6PD deficiency is still a significant health problem in
Jordan. The prevalence of G6PD deficiency in the north of Jordan was estimated to be around 5.5% while 17% of children admitted to princess Rahma teaching hospital with acute hemolytic anaemia due to G6PD deficiency were females [20] . G6PD deficiency is a public health problem that has been a predominant cause of severe hemolytic anaemia requiring urgent hospitalisation in young Palestinian children in Gaza strip [21] . The highest prevalence of this enzymatic defect was reported among sub-Saharan African countries [22] . G6PD deficiency is also common in some provinces of Iran as fava beans represent an everyday food though Iran is considered as a moderately high incidence area for G6PD deficiency [23] .
Meloni and colleagues have found that the highest incidence of favism or drug-induced hemolytic anaemia occurred in children aged between 2-6 years while children below two years of age made up only 4.5%
whereas those over six years of age constituted 22.3% [19] . Another study has found that most victims (81.6%) experienced their first haemolytic episode before the age of 10 years [24] . Our study demonstrated that males are more than females (62.5%) which is in line with prior research efforts. G6PD deficiency shows full expression in heterozygous males and homozygous females [16, 18, 25] . Another research reported the frequency of the enzyme deficiency in male children (76%) was higher than in females (24%).
However, the incidence of the severe form of the enzyme deficiency in female children was considerably lower [16] .
In our study, most of the patients were admitted to hospital during March, June, October, and November in 2015. Prior research ventures have a reasonable explanation for the high incidence of favism-induced hemolytic anaemia during the spring as it can be correlated with harvesting season of fava beans as well as local fava beans-containing foods are cooked and consumed [18, 19] . The winter season, however, was the second seasonal peak (14.56%). It has been presumed that G6PD deficiency hemolytic attack could be triggered by an infectious agent, mainly viral, during the springtime and in specific geographic locations of the world [23] . Accordingly, it is hypothesised that the pathogenic agent could be associated in some way with the fava bean plant. Therefore, individuals with severe G6PD deficiency, especially the Mediterranean type, who get exposed to this pathogen for the first time may develop severe hemolysis [24] .
Most patients in our observational analysis were interviewed in the emergency department, while others in paediatrics department and outpatient units. The American Academy of Pediatrics showed that the lack of access to primary care physicians in the local community was associated with higher emergency department admissions [18, 26] . Children requiring emergency care have unique needs while those younger than three years of age represent the most considerable proportion of medically related visits [27] . All those who were admitted to hospital had normochromic normocytic anaemia with fragmented RBCs due to hemolysis in the blood film. Morphologic findings are generally unremarkable except after 12-24 hours [28] . The anaemia is primarily due to intravascular hemolysis [29] .
Our cross-sectional analytic revealed that dry fava beans triggered no haemolytic episode which is in harmony with previous studies as fresh fava beans are known to be the leading cause for the development of acute hemolytic anaemia [19] . Further, the high protein contents and inexpensive fava beans, that are highly available in the region of the Mediterranean basin render them a valuable ingredient of regular diet [18] . Madanat and coworkers also found that the primary triggering factor of hemolysis was the ingestion of fresh uncooked fava beans [20] . Similarly, Meloni and coauthors confirmed that the highest percentage (94.4%) of hemolytic crises was due to fresh fava beans [19] . On the other hand, Pamba and colleagues, they confirmed that several factors could further influence the severity of hemolytic anaemia including the pharmacodynamics and pharmacokinetics of the chemical trigger, the dose, the typology of G6PD mutation, the age of the patient, and the coexisting medical conditions [30] .
Following a trigger event, RBC hemolysis does not usually begin until 24 hours of exposure and may continue for several days although the onset of hemolysis in favism may by more abrupt compared to druginduced hemolytic attacks [31] . In severe hyperbilirubinemia where the total serum bilirubin is more than 25 mg/dl, there is a risk for severe complications including kernicterus and intellectual handicapping [32] .
Behjati-Ardakani and Sedaghat have also found that as many as one-third of all males with neonatal jaundice had G6PD deficiency although it was found that neonatal jaundice was significantly lower among subjects of African Ancestry who are living in the United States which indicate an environmental-genetic interaction [32] .
Prior research attempts have shown that haemoglobin levels lower than 7 g/dl were found in 74.15% of males and 53.45% of females [19, 30] . Conclusive results from our study highlight that three-quarters of patients are of blood group AB which is contrary to that of the healthy population where AB blood type is not frequently encountered [33, 34] . This fact should be intensively explored in subsequent studies and from the perspective of a molecular biologist.
Identification of factors that may influence patients' outcome at the institutional level is crucial for quality control purposes and benchmarking. In our study, patients who were admitted within 48 hours, from the onset of the appearance of symptoms, had significantly lower haemoglobin level than those who were hospitalised within 24 hours. However, Honar and colleagues did not report any significant correlation between the haemoglobin level, hospitalisation, hemoglobinuria, the number of blood transfusions, and the clinical manifestation [35] . Regarding the clinical aspects of G6PD deficiency, anaemia and hemoglobinuria associated with general malaise weakness, cephalea and vomiting were are the most evident signs [19] . Typically a hemolytic attack initiates with malaise, weakness, and abdominal or lumbar pain [29] . These manifestations are associated with severe hemolysis due to haemoglobin urea or nitric oxide depletion, while vomiting can be a significant predictor of an acute and drastic haemolytic episode [16] . Subsequently and after an interval of several hours to 2-3 days, the patient usually develops jaundice and dark urine due to hemoglobinuria [16, 29] .
Other clinical manifestations include an enlarged spleen and liver [17, 23, 32] . Concerning liver function, inherently defective liver enzymes can play a critical role in influencing the development of severe hyperbilirubinemia [16] . The chief complaints of patients can be described as a triad of urine discolouration, jaundice, and vomiting (59%) which can be considered as the triangle of classic favism-triggered hemolysis.
[ 18, 29, 36] . Nevertheless, Fever remains the most common concern prompting parents to present their child to the emergency department [1, 10] . Our research emphasises the predominant existence of the G6PD deficiency among Jordanian population, which justifies the necessity of the policy leaders of the Jordanian public health and health services to establish national programs as well as international collaborations for newborn screening of G6PD deficiency.
CONCLUSIONS
Our study is the first of its kind to integrate and extrapolate a statistical inference on ABO and Rh blood grouping in connection with the pathophysiology of the disease especially about the elevation of specific liver enzymes. The levels of haemoglobin, the timing of hospitalisation, the existence of a positive family history of the disease, and history of neonatal jaundice, can be given specific "weight" in an updated formula for the prognosis of patients with G6PD deficiency.
The study does have some limitations including the collection of data from one centre, reliance on pure observational analyses rather than an experimental approach, lack of use of G6PD enzyme assay, and the inclusion of one ethnic group. Additionally, the study did not incorporate the use of real-time or predictive analytics of data. The later can revolutionise epidemiological studies via the integration of concepts of big data in parallel with machine learning and automated data collection. 
